The Songgukri culture (c. 2900-2400 cal. BP) in the Geum River basin is often regarded as one of the earliest complex societies in the Korean peninsula, based on some evidence for an intensified agrarian economy and social differentiation. This study focuses on landscape visibility as a method of detecting settlement relationships of the Songgukri culture. Two measures of landscape visibility, viewshed size and shared-ness of viewshed (SoV), are examined in this study. Our results indicate that while Songgukri centers tend to have larger visibility of landscape than non-centers, both centers and non-centers share their visible landscape with other settlements at a remarkably high rate. We argue that landscape visibility at Songgukri settlements reflects a shared sense of cultural belonging among settlers, rather than sociopolitical inequality between the elites in centers and the nonelites in other settlements. This study highlights a long-term process, in which bottom-up cultural interactions of Songgukri residents may have contributed to the development of settlement organization and regional communal identities over time.
Introduction
Visibility analysis is one of the most familiar geographic information system (GIS) methods in archeology. This computational technique allows users to investigate the visibility of physical objects or places at one point in a landscape. The method has been used initially in civil engineering, environmental management, and the military to select the location of a monitoring tower or TV/radio transmission tower as early as the 1960s (Amidon and Elsner 1968; Wang et al. 2000) . Visibility analysis began to be applied to archeological cases in the 1990s with the increasing popularity of the GIS approach. Mirroring its original use, archeologists have used the method to investigate the visibility of settlements (e.g., Grau Mira 2003), monuments (e.g., Cummings and Whittle 2004; Wheatley 1995) , and defensive sites in the past landscape (e.g., Smith and Cochrane 2011) .
However, archeological applications have been different in that they tend to focus on the experiential aspect of visibility (Verhagen 2018) . That is, visibility is interpreted as a cognitive and perceptual phenomenon through which a human agent makes sense of the space (Llobera 2003) . Thus, visibility analysis is used to study not merely the physical visibility of a place but also the cultural meaning behind being able (or unable) to see. Previous studies used visibility to examine abstract concepts that are more profound than physical visibility itself. These abstract concepts include settlement choice (Jones 2006) , sociopolitical relationship among communities (Brughmans et al. 2015; Kosiba and Bauer 2013) , phenomenological experience relating to a monument or landscape (Llobera 2001; Tschan et al. 2000) , and mobility pattern (Murrieta-Flores 2014) . While each study interprets the meaning of visibility differently, they all rely on a common premise-visibility relates. People tend to relate themselves to other people, places, and things that are visible.
We use the relational property of visibility to examine the settlement relationships of the Middle Bronze Age culture, also known as Songgukri (ca. 2900-2400 cal. BP). Its type site, the Songgukri site, was first uncovered in Buyeo city of South Chungcheong province in southwestern Korea in 1974 (Ahn and Kim 1975; National Museum of Korea 1979) . Since then, Songgukri culture has occupied a special place in Korean archeology as its emergence appears to coincide with the development of social complexity and intensive rice agriculture. For over 40 years of research, individual accounts of artifacts and architectural structures have prevailed over the comprehensive understanding of the Songgukri settlements. Awelcome trend in recent years is a growing body of literatures that expand their scope to regional landscapes (e.g., Lee 2004; Lee 2007) , settlement organizations (e.g., Ahn 2004; Kim 2006c) , social structures (e.g., Lee 2009 ), political economy (e.g., Bale 2017; Bale and Ko 2006; Grier and Kim 2012) , and long-term cultural trajectories (e.g., Kim 2006b; Lee 2016) .
The current discourse on Songgukri settlement relationships, however, disproportionately focuses on the theoretical framework of chiefdom and settlement hierarchy. Chiefdom society is seen as an evolutionary bridge that links tribe and state-level societies (Earle 1987; Flannery 1995) . It is marked by the specialization in leadership roles over resource extraction and redistribution as a means of exerting the elites' political influence over local communities (Earle 1987 , Service 1975 . Since Songgukri culture preceded the earliest statelevel societies in Korea, the chiefdom model has been highly influential for the explanation of the Songgukri social organization (Kim 2014b; Rhee and Choi 1992) . Under the chiefdom model, the discussions on settlement relationships are often centered on a settlement hierarchy, where the elites in major political centers control resources and labor from noncenters.
As an alternative to such rigid hierarchical models, we present an emic perspective on how Songgukri people related themselves to those in neighboring villages through visibility analysis. Our working hypothesis is based on the previous studies' premise that social groups strategize landscape visibility in order to gain increased access to and supervision over key resources and important spaces (Grau Mira 2003; Jones 2006; Lock and Harris 1996) . We hypothesize that if the elites in Songgukri centers engaged in the extraction of resources and labors from the non-centers, then they would have maintained a watch over the visible area of the non-centers. The visible area of the non-centers would include their farming fields and raw material sources. Easy visual access to this area would have been advantageous for the elites. Thus, we expect that the centers' visible area would be larger than that of the non-centers. Also, the extent of the shared visible space between the centers and the non-centers would be high if our working hypothesis is correct. For the visibility pattern among the non-centers, the opposite is expected. The visible space of the non-centers would be smaller than the centers. Also, since the noncenters would not share their visible space with each other, the extent of their sharing of visible space would be low. We compare two measures of landscape visibility to test this hypothesis, one based on the viewshed size and the other on the shared-ness of viewshed between Songgukri centers and other non-centers.
Materials and methods

Archeological background
Songgukri culture is defined by its material assemblage distinctive from the previous and contemporaneous Mumun (Bronze Age) cultures. It shows the development of craft production of bronze and jade objects, changes in pottery tradition and architectural styles of pit houses and burials, and increasing investments in defensive structures (Bale and Ko 2006; Kim 2015a) . This distinctive culture first appeared along the Geum River in southwestern Korea around 2900 cal. BP (Lee 2011a; Lee 1988) , and then expanded to much of the south-central peninsula, Jeju Island (Kim 2010b) , and finally to northern Kyushu, Japan (Lee 2006) within the next two centuries. The expansion and growth of the Songgukri culture are labeled as the Middle Bronze or Mumun period (2900-2400 cal. BP). Songgukri culture is often regarded as an emerging complex society fueled by class differentiation and craft specialization. While draft animal use is not confirmed during this period (Lee 2011b), Songgukri people practiced intensive rice agriculture as attested by abundant rice remains and irrigation canals found at Songgukri settlements (Archaeology Center of Korea National University of Cultural Heritage 2013; Archaeology Center of Korea University 2004). Other studies questioned the importance of rice as staples (Kim 2015b; Lee 2003) . Instead, a wide range of resources was utilized in the Songgukri culture through multi-cropping and hunting of wild terrestrial mammals (Kwak et al. 2017) .
Discussions of the Songgukri settlement relationships have been focused on resource extraction and redistribution. Kim (2008) and Grier and Kim (2012) suggested that Songgukri centers consumed agricultural surplus produced from noncenters. Their political economy model is based on the disparity of storage space between the centers and the non-centers: Songgukri centers relatively lacked storage features while non-centers have increased storage capacity. Similarly, Kim (2006c) analyzed the locational advantage of multiple Songgukri settlements. He used various proxy data such as modern agricultural zoning data for gauging land productivity and the historical road networks for measuring the transportability of resources. In his argument, top-tier Songgukri settlements were located where large-scale labors could be easily pooled and agricultural surplus could be efficiently transported. Both studies understood Songgukri settlement relationships through a lens of hierarchy where settlements were ranked by their managerial potential to mobilize labor and to control resources. The specific nature of the relationship between ranked settlements varies by scholars. For example, Kim (2008) and Grier and Kim (2012) emphasized the direct economic and political dependency of noncenters to centers. On the other hand, Kim (2006c) considered that the Songgukri settlement system was maintained by a mix of "top-down" and "bottom-up" political strategies; the former emphasizes the elites' managerial role and the latter the cooperation among local household groups.
Previous studies, despite their contribution to the discourse on Songgukri political economy, have not yet fully resolved the question whether a rigid hierarchy was indeed a key to the formation of the settlement relationships. For example, Kim (2014a) contested the earlier arguments for surplus extraction from non-centers (Grier and Kim 2012; Kim 2008) as both centers and non-centers revealed large-volume vessels possibly for storage. Bale (2017) also claimed that the storage facility alone cannot be equated to excess production without evidence for the regular surplus production of staples. Another remaining question is whether Songgukri inhabitants could have perceived an advantage to live in the centers for labor pooling and transportation, as suggested by Kim (2006c) .
Other studies indicate that key cultural practice (storage strategy, farming, craft production) occurred at the local household level through cooperation and collective decision making (Bale 2011 (Bale , 2017 Bale and Ko 2006) . It is currently unclear how this cultural practice fits in the hierarchical model of Songgukri settlement relationships.
Songgukri landscape in the study area
This study examines Songgukri settlements in the middle and lower reach of the Geum River, one of the four major river systems in Korea. Geum runs through moderate hills of the Charyung mountain range from east to west over the southwestern region (Fig. 1) .
The landscape setting of Songgukri sites is divided into three types, foothill areas, hilltops, and alluvial plains (Lee 2016; Yun 2014) . Most Songgukri settlements in our study belong to the first type. They are situated in relatively homogenous landscapes along the foothill regions of the Geum basin. Narrow flats near the settlements were probably saturated with streams running down from low hill ridges, and thus ideal for farming (Yun 2014) . The Songgukri landscape was probably marked by settlements situated on foothills with higher hillslopes behind and water source and farmable flats in front, often facing another settlement with a similar landscape on nearby foothills (Lee 2000) ( Fig. 2) .
Such landscape probably provided Songgukri people several advantages, including flood protection, defensive and visibility advantages, farmable flats between hill ridges, and access to wild terrestrial resources from hillslopes behind. Baesanimsoo, one of the traditional Asian Fengshui principles, means the riverfront village with mountains behind. Such foothill areas have been historically considered an ideal place to live in Korea.
Materials studied
A total of 41 Songgukri settlement sites comprise the subject of this study. As with the majority of archeological fieldwork in Korea, most of the Songgukri settlements were investigated as rescue projects for housing or road construction. Since some areas of the region have not been subjected to as many developmental projects as others, the actual population of Songgukri settlements in the region is likely much higher. This study defines a settlement as a distinct archeological locality where at least one residential feature (a pit house) was found.
On the definition of central settlement, a general consensus is that central settlements have complex arrangements of specialized spaces such as residential, food and craft production, storage, and ritual areas, coupled with a large site extent (Bale 2017; Kim 2015a; Ko 2010; Lee 2009; Lee 2016) . The underlying assumption herein is that central settlements were demarcated by specialized functions as large residential places. The site that satisfies this definition most clearly is Songgukri, the type site of the Songgukri culture. This site yielded more than 100 pit houses over a vast area (9.8 ha), the largest number found among all in the Geum River basin region. Moreover, the extensive defensive structures and two large raised floor buildings found at the site provided its residents a protection and communal space (Archaeology Center of Korea National University of Cultural Heritage 2011). The finding of jade crafts and other prestigious burial offerings, most notably Liaoning-style bronze daggers, also indicates the social and political importance of the Songgukri site in the region (Ahn and Kim 1975; Son 2007) .
The presence of other centers is less clearly established whereas the Songgukri site is almost unanimously regarded as a central or at the very least important settlement (Bale 2017; Kim 2006d; Kim 2008; Lee 2009; Lee 2016; Lee and Bale 2016) . Using the characteristics of the Songgukri center described above, we identified two potential centers, the Dosamri and Nabokri sites. Both have the second-and the third-highest number of pit houses respectively, and complex features, including a possible elite residence, mortuary ritual spaces, and food storage features. They were also identified as "lower-tier centers" by previous regional settlement studies (Kim 2005 , Kim 2006d ). By comparing these three centers against all other 38 sites, we will check whether the landscape visibility will reveal the settlement relations between the two tiers.
Viewshed size
Viewshed size is a measure of visibility that directly corresponds to the extent of one's area of visibility (Lake and Ortega 2013) . Inhabitants of settlements with larger viewsheds could overlook a broader landscape than those living in settlements with smaller viewsheds. Our calculation of viewshed size is based on viewshed analysis, a commonly employed geographical information system (GIS) method in archeology (Eve and Crema 2014; Jones 2006; Jones and Wood 2012; Kosiba and Bauer 2013; Sakaguchi et al. 2010; Wheatley 1995) . Viewshed analysis can identify the visible area from a particular observer point by determining whether a line-of-sight can be drawn from that point to a target location without being obstructed by terrains. In GIS-based operations, viewshed analysis is performed on a grid-cell model of the landscape, often referred to as the digital elevation model (DEM). Every cell in the DEM contains an elevation value at the particular location of the cell. Using elevation differences between the cell(s) designated as the observer point(s) and all other cells, the viewshed analysis produces a binary output of cells either as being visible from the observer point (and thus a value of 1) or not (0) (Fig. 3) .
After deriving the viewshed, its size is calculated by counting the number of visible cells within a pre-defined bounding radius of each observer point and then multiplying the cell count by the cell dimension of the DEM. Our viewshed analysis is performed on 30 m resolution DEM, obtained by the Shuttle Radar Topography Mission (SRTM) (NASA Jet Propulsion Laboratory 2013) . We used each Songgukri settlement location as an observer point and calculated the viewshed size at each settlement. Two bounding radii sizes, 16 km and 4 km, have been used for the calculation of viewshed size to gauge how parameterization of visibility distance limit influences the output of the analysis. The 16 km radius represents the maximum distance of visibility of human sight that automated weather observation stations in US airports use (National Oceanic and Atmospheric Administration 1995) . Approximately, the 10 km is the lower 25th percentile visibility of contemporary urban centers in Korea with anthropogenic air pollution (Lee et al. 2015) . The 4 km radius therefore represents a very conservative limit of human visibility when non-optimal atmospheric conditions inhibit human visibility. We applied a two-sample t test on the viewshed sizes of the centers and non-centers for both bounding radii to check a statistical significance with a p value less than 0.05.
Our viewshed analysis masked the ocean space (the Yellow Sea) so that the area would be excluded from the viewshed of each settlement. The impact of masking will be a slight underestimation of the viewshed size of settlements near the coast. Since SRTM takes the elevation of earth's features at the surface, the sea areas are represented as a "flat plain" of 0 m elevation cells in the study's DEM. Lacking terrain features that can obstruct line-of-sight, the sea areas will be visible by coastal settlements at a very high rate, thereby contributing a significant overestimation of the viewshed size of coastal settlements against inland ones. The masking of sea areas is therefore necessary to prevent the bias influencing the result of the analysis.
One methodological limitation inherent in the standard viewshed analysis is that it uses a single arbitrary point as the point of observation (Wheatley and Gillings 2000) . Often, archeological studies abstract the locations of past observers into an arbitrary point inside a site area (e.g., Brughmans et al. 2015; Jones 2006; Wright et al. 2014 ). This practice is potentially problematic, because past observers cannot be represented as a fixated point on a landscape. That is, archeological sites have spatial dimensions, and the observers in this space would have been capable of moving. Thus, viewshed analysis based on a single arbitrary cannot represent a comprehensive picture of landscape visibility available to past observers.
To address this concern, we modified the standard viewshed analysis to incorporate a degree of comprehensiveness to the viewsheds of each settlement. First, we created four circular buffers with radii of 1 m, 50 m, 100 m, and 200 m around an arbitrary point within each settlement location. Each buffer represents different areal extents for observers' everyday mobility. Then, we used all cells on the DEM that intersected with the circumferential boundary of these buffers as observer points and derived the viewshed at these cells. Our modified viewshed method offers a more comprehensive and realistic picture of landscape visibility, compared with the standard viewshed based on a single arbitrary point. For example, the standard viewshed based on a point in the 57th locality of the Songgukri site fails to show an apartment complex as visible, although we were able to see it from various locations within the site. Similarly, the standard viewshed does not indicate that the 45th locality of Songgukri is visible when the locality is part of the site landscape. In contrast, our modified viewshed correctly identifies both the apartment complex and the 45th locality as visible (Fig. 4) .
Shared-ness of viewshed
We devise a new measure of visibility and termed the "sharedness of viewshed (SoV)" to indicate how much landscape visible at one settlement is shared by others. We calculated the SoV by a series of raster (grid-cell) algebra on the viewshed of each settlement and the cumulative viewshed. As its name suggests, the cumulative viewshed sums all the viewsheds at multiple observer locations (Llobera 2003) . A numeric value of each cell in the cumulative viewshed corresponds to the number of observers who can see that particular cell. For example, a cell with a value of "2" means that this particular cell is visible by two different observers. We calculated the SoV by the following method. First, we added the viewsheds of the 41 Songgukri settlements into the cumulative viewshed. Then, we decided a value for n, the number of settlements capable of seeing a particular cell. Since the SoV by definition requires at least two settlements to mutually share portions of their own visible landscape, the value of n must be an integer greater than or equal to 2. The greater the value of n, the harder it is for all settlements involved to mutually share their visible landscape. In our study, we use 2 and 3 as the value of n to gauge how the parameterization of n (the number of settlements sharing visible landscape) influences the result of the analysis. We conditioned cell values of the cumulative viewshed, so cell values greater than or equal to n were converted to 1 (true), and those lower than n became 0 (false). The resulting output would be a conditioned cumulative viewshed that indicates cells visible by at least n number of settlements as 1 and those less than n as 0 ( Fig. 5(1) ).
Next, we multiplied the conditioned the cumulative viewshed by the original viewshed at each settlement. The output of these algebraic calculations is a set of binary gridcells, or the "shared viewshed," which indicates whether a cell visible at a particular settlement is also visible by at least n settlements ( Fig. 5(2) ).
Finally, we calculated the size of the "shared viewshed" within 16 km and 4 km radii and divided the resulting "shared viewshed" size by the size of the original viewshed at each settlement. Then, the resulting ratio indicates how much viewshed at a particular settlement is shared by other settlement(s). For example, the SoV ratio of 0.6 when n is 2 within the 16 km bounding radius indicates that 60% of the site's visible landscape is also visible by at least one other settlement ( Fig. 5(3) ). After SoV ratios are calculated for 16 km and 4 km radii, we again applied a two-sample t test on SoV ratios of the centers and non-centers for both bounding radii to check a statistical significance with a p value less than 0.05.
Results
Viewshed size
Our analysis indicates that the viewshed size of Songgukri settlements varies considerably with a slight skewness towards to the left (a lower viewshed size) regardless of the bounding radius size ( Fig. 6; Table 1 ). The variation of viewshed sizes does seem to be affected by the center/noncenter distinction since the two-sample t test indicates p value less than 0.001 and 0.031, respectively, for 16 km and 4 km radius. Within the 16 km radius, all of the central settlements have a viewshed size larger than the upper 25th percentile. The same is true within the 4 km bounding radius at Songgukri and Nabokri, but not at Dosamri. Dosamri still has a viewshed size above the median, and as it is located near the coast, its viewshed size may have been underestimated. In summary, the viewshed analysis supports our hypothesis: central settlements do tend to have greater landscape visibility than non-centers.
Shared-ness of viewshed
The ranges of the SoV suggest that all Songgukri settlements tend to have highly shared visible landscapes ( Fig. 7; Table 2 ). This is again true regardless of the different bounding radius sizes although the SoV is slightly higher with the 16 km radius than the 4 km. The settlement at the median shared 83% or 71% of its visible landscape with at least one more settlement within 16 km or 4 km radius, respectively. Even when we increase the threshold of shared visibility by two sites (n = 3), the settlement at the median shared 58% or 35% of its visible landscape by at least two others in each radius.
The center/non-center distinction does not seem to affect the SoV in contrast to the viewshed size. The two-sample t test indicates a p value much greater than 0.05, regardless of any sets of parameters (bounding radii, n). This indicates that the SoV analysis does not support our working hypothesis. No clear disparity between the Songgukri centers and noncenters was detected in the measure of shared visual space.
Discussion and conclusion
Beyond the center vs non-central settlement hierarchy
The result of our analyses only partially supports the expectations of our working hypothesis. While Songgukri centers tend to have larger landscape visibility than non-centers, the extent of the shared visible space is not statically different between the two tiers. Sharing of the visible space between the two can be understood in terms of resource and labor pooling relationships. The high rate of shared visible space in both tiers cannot be adequately understood by the concept of hierarchical settlement organizations. We therefore seek alternative interpretations of landscape visibility beyond the common view.
In applying the visibility analysis, we are aware that GIS can overlook the complex temporal nature of archeological data (Gupta and Devillers 2016) . For example, a study on prehistoric barrow clusters in southern England shows that a temporal dimension is a key to understanding an emerging visibility network (Tilley 1994) . The study showed that the establishment of prominent barrows attracted the later construction of barrows over a prolonged time. Similarly, Brughmans et al. (2015) demonstrated that patterns of settlement visibility emerged over a long time among Iron Age and Roman settlements in southern Spain.
Taking a cue from these studies, we seek a temporal dimension of visibility as an essential concept in explaining settlement relationships. We emphasize a long-term bottom-up process of cultural interactions that enabled Songgukri settlement groups to form cultural belonging over time. This perspective is sometimes glossed by the concept of "interaction spheres." This concept has been used in cultural analysis to explain the nature of flows of ideas and goods among societies (Caldwell 1964) . The theoretical advantage of this notion is that it does not put forward social inequality as a priori condition for socioeconomic interactions. The popularity of interaction sphere models as an analytic tool in archeology gave way to the as a unit of analysis in explaining social interactions in the Ubaid culture in Southwest Asia. He showed that the Ubaid material culture is not homogeneous. Rather, the stylistic forms and ideological structures of the Ubaid were shared among different regional communities to varying degrees. Its symbolic vocabulary, embedded in the shared material culture, reproduced a common set of the values and beliefs that contributed to the local communal belonging in the Ubaid interaction sphere (Stein 2014) . The emergence of communal belonging has been overlooked in the popular models of homogenizing chiefdoms. We redraw the attention to this important aspect of social organization by hypothesizing that the Songgukri people experienced the cultural belonging by their shared visible landscape. Let us imagine a moment when Songgukri settlements were about to be established in the Geum River basin. The Songgukri people would have chosen a place that granted them visual advantages over the vicinity for a variety of reasons, including management of resources and defensive advantages. As time passed by, these early settlements likely experienced population growth, became a hub of diverse activities, and matured into prominent settlements, possibly centers. Processes of population growth and increasing organizational complexity have long been recognized as part of the urban growth process (Bettencourt et al. 2007; Burgess 1925) . A correlation of the population level to the organizational complexity in settlements, particularly administrative natures, has also been observed in other archeological contexts (Blanton and Fargher 2008; Feinman and Neitzel 1984) . The process of Songgukri settlement growth would not have been very different on a fundamental level. The growth of early settlements and the establishment of new settlements through fissioning would have been simultaneous. Newer settlements may have been formed by the "budding" population from an established settlement or by new immigrants coming into the area. A fissioning rate of settlements is known to be correlated negatively with the level of social integration by higher-level institutions. These institutions include strong leaderships or religious traditions, which are capable of mitigating in-group conflicts (Alberti 2014; Bandy 2004 ). The chiefdom model that sees the society is integrated around powerful elites. If we disentangle our explanation from this emphasis, then we can expect that the fissioning rate of Songgukri settlements could have been relatively high.
Such rapid growth and expansion of the Songgukri culture are well attested with archeological evidence (Park 2015) . Songgukri settlements of various extents and structures appeared beyond the Geum River after its initial appearance around 2900 cal. BP. If people in old and new settlements longed for a sense of belonging, visibility would have a powerful reminder of their relatedness. And thus, newer settlements may have situated themselves in a way that they shared part of the existing settlement's visible landscape.
Archeologists have long been recognizing that spatial and social relations are closely linked (e.g., Chang 1958; Joyce and Hendon 2000; Trigger 1967 ). This premise is at the core of the reason why they pursue the analysis of space for social inferences (Ashmore 2002) . Ethnographic and archeological studies worldwide also demonstrate that people tend to construct their living environment such that the physical distances between dwellings closely reflect the social distances of the dwellers (Wiseman 2016) . Under such findings, we propose that sharing a landscape through visibility was probably an important cultural mechanism for the Songgukri settlers. By sharing the landscape visibly, they could have constructed a cultural space for groups of people closely tied with marriage, trade, labor cooperation, or other forms of social interactions. We suggest that a cultural belonging emerged from this longterm cultural interactions may be crucial to understanding the general shared-ness of landscape visibility among Songgukri settlements.
A shared sense of cultural belonging among Songgukri settlers
Aside from the similarity of material culture, the evidence for cultural belonging among Songgukri settlers may be found in the organization of space for dwelling. Scholars note that dwelling areas (i.e., house floor) of Songgukri-type houses are significantly reduced in size from those of the Early Mumun period (3300-2800 cal. BP) (Kim 2015a; Lee and Bale 2016) . This reduction of dwelling space is often regarded as the evidence for a shift from a multi-family to a singlefamily household organization at the onset of Songgukri culture (Kim 2015a) . Songgukri-type houses are often found in clusters of three to five, and each cluster likely formed an extended household in which members shared certain activities. This household organization is also indicated by the arrangements of outdoor hearths and storage pits. This evidence signifies that kin relationships of Early Mumun households were maintained in Songgukri households despite the architectural changes (Lee and Bale 2016) . Lee (2003) suggested that the Songgukri architectural arrangements may reflect the communal practice of sharing space for daily meal preparation outside the individual households. She suggested such communal practice of building cohesions was a countermeasure of social differentiations when collective efforts were needed more than ever in intensive farming and organized labor projects (e.g., palisades, megalithic burials).
One of the defining characteristics of the landscape visibility pattern among Songgukri settlements is the general sharedness of their visible landscape. Our analyses indicate that the visual world of Songgukri inhabitants, no matter at which settlement they stood, had a very high likelihood of being mutually acknowledged and experienced by the dwellers of neighboring settlements. Passive gazing was probably not the only means by which Songgukri settlers visually shared their landscape. People's everyday activities could enhance Songgukri people's mutual understanding that people akin to them live "out there." The smoke generated by domestic cooking or the light from night lamps could have allowed them to see and to experience each other's existence.
The Songgukri centers are located on the hilltops or hillslopes, overlooking plains with a wide-open vista. These centers could be easily visible from other peripheral settlements in the vicinity. Kim (2006a) sees this inter-settlement visibility as a means of boosting a shared sense of community, a base of the elite's exertion of power and authority. According to Sahlins (2013:20) , a kinship system is a "network of mutualities of beings." Songgukri people may have formed and maintained close kin relationships through the mutual acknowledgment that they live in a shared space and time. This kinship formation may have been analogous to the process by which Songgukri households kept their relationships in separate but shared dwelling spaces.
Connecting the dots
The Songgukri settlement relationships that were reflected from our analysis contrast with the one suggested by the chiefdom model. The chiefdom model understands the settlement relationships through a top-down hierarchy where the elites in centers subjugate others in the periphery. Our emic perspective puts forth the bottom-up process in which the settlement relationships were organically evolved through a sense of shared cultural belonging. These two views, however, do not necessarily invalidate each other. Egalitarian ethos can not only coexist with hierarchies of control but also reinforce inequality and dominance (Brumfiel 1995) . Kim (2006c) also emphasized mixed political strategies of top-down control and bottom-up cooperation in the Songgukri agricultural economy.
Further ahead, our emic perspective on Songgukri settlement relationships allows us to formulate a coherent narrative about their cultural practice, including storage strategy, agricultural practice, and craft production-the dots that are left unconnected by the chiefdom model. Bale (2017) suggested that large-capacity vessels, pits, and raised-floor structures were maintained as storage space at the household level for self-reliance over the long term. Thus, he rejected the assumption that storing surplus by Songgukri households was the elites' strategy of controlling the resource produced by the non-elites.
Bale (2011) also examined the spatial orientations of farming fields at the Daepyongri site along the Nam River in southcentral Korea, contemporaneous to Songgurki. He observed that some dryfields were spatially associated with distinctive pit house clusters. The fields appear to be regularly refurbished that probably requires close local coordination over the long period. He further suggested that various decisions involved with farming were made at the local-level by household groups rather than by the elite's top-down coercive force. This argument is also echoed by Kim (2006c) in his equal emphasis on both elites' managerial roles and household-level cooperation in the Songgukri political economy. By analyzing plant remains, Kim (2015b) and Lee (2003) reached a similar conclusion that agriculture reinforced communal cooperation in Songgukri culture. Bale and Ko (2006) indicated that Songgukri elites did not have significant control over prestigious craft production in the Daepyongri site since craft production did not take place near the elite residence. Instead, prestigious crafts appear to be produced by part-time specialists living in common pit houses. Consumption of prestigious crafts was, however, concentrated in the innermost ditch-and-palisade precinct, which was proposed as the stage for communal ceremonial activities (Bale and Ko 2006) . In this setting, prestigious crafts were used as regalia in group-oriented ceremonies by elite actors to deemphasize the bulging social difference and to increase the ideological preemption of the elites.
The studies on storage strategy, agricultural practice, cooking customs, and craft production all share a common denominator in their emphasis on cooperation, cohesions, and local decision-making processes in various aspects of Songgukri cultural life. In order to operate communal cooperation and decision-making effectively under a certain degree of egalitarian ethos, Songgukri communities would have had recognized each other not as "others" but as "one of us." A sense of cultural belonging, reinforced through their shared landscape visibility, may have provided a firm ground on which Songgukri people could have established their shared identities.
Conclusion and future direction
This study examines the settlement relationships of the Songgukri culture in the Geum River basin, using various analyses on landscape visibility. Our non-hierarchical settlement organizational framework reflects that Songgukri culture shared a mutual acknowledgment of living in a common time and space-a sense of cultural belonging. We emphasized the importance of the bottom-up and long-term perspective to grasp how such cultural foundations and social dynamics emerged across the Songgukri settlements.
While Songgukri settlements in the Geum River basin have been the focus of this study, the Songgukri culture expanded widely beyond the Geum River basin. Songgukri settlements in other regions vary in terms of their landscape settings and resource distributions. Such regional variability in settlement organization and interaction remains unexplored. At present, the regional variability is only accounted by the typological comparison of artifacts and residential features. Moving forward, we plan to conduct similar analytical research outlined here to reveal the spectrum of sociopolitical and cultural underpinnings of the Songgukri culture beyond the Geum River basin.
